The influence of secondary electron emission on self-sustaining and maintaining discharge current is studied using a new type of DC glow discharge operated on virtual cathode theory through argon gas. The radial electron beam is generated outside the diode in coaxial Vircator. The transported electric discharge, from non-self-sustaining to self-sustaining discharge, occurs in the Townsend region and strongly depends on the secondary electron emission. The first ionization acts as a breakdown starter, then the second emission completes the electric discharge without consumed energy. The present work aims to study the effect of some physical parameters on the secondary electron emission to reduce the applied breakdown voltage and improve the ionization process, as well as to reduce the consumed electric energy. During the study, it was found that the self-discharge started due to the second electron emission (γ) from the cathode which increased by increasing the ionization potential and decreasing the electric field. There was a balance between the first ionization coefficient and the electron attachment which confirms that the ( γ ) is the main element in the glow discharge. The minimum breakdown voltage for argon gas is 219 volts at Pd= 8 x 10 -2 Torr.cm.
Introduction
Direct Current electric discharge has a wide range of technical applications. These applications range from classical lamps reaching to advanced technology such as plasma display panel and nanostructure materials [1] [2] [3] [4] [5] [6] . The present work is concerned with decreasing the applied voltage and increasing the total current, as well as to reducing the consumed energy through argon discharge in cylindrical coaxial Vircator. In normal GD, the breakdown takes place between the cathode and anode due to the excitation and ionization processes where the current density has constant value. As a result, the normal glow discharge experiment is modulated according to the virtual cathode theory to increase the current density and improve the energetic electrons [7] [8] [9] . In the modulated system, the diode is constructed from cathode and semi-transparent anode. The distance between the two electrodes must be smaller or at least equal to the collision mean free path. When an electric field is applied between the coaxial cylindrical diode, free electrons are accelerated to excite and ionize the atoms and molecules of the gas outside the diode. The electric discharge occurs in two stages, the first forms virtual cathode (VC) or virtual anode (VA) (based on the electrodes polarity). The second is the breakdown process and starting the glow discharge (GD) [7, 10, and 11] .
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In 1889, Paschen presented a law stating that the sparking voltage is dependent on the product of the gas pressure and the space between the two electrodes.
In 1915, Townsend introduced two quantities to explain the current growth through the electric discharge known as the first Townsend ionization coefficient (α), and second Townsend ionization coefficient (γ), both of them are a function of (E/P).
Where: (E/P) represents the electron energy gain between collisions (reduced electric field), and E is the electric field strength, P is the gas pressure, a and b are the inner and outer radii in the coaxial cylindrical diode, V is the applied voltage and d is the inter-distance between two electrodes.
The total current before the breakdown potential is given by the relation:
Where I 0 is the initial current at the cathode, 
By substituting equations (1) and (2) in equation (5) gives:
It is clear that the breakdown voltage depends on the pressure and the dimensions of the discharge system
This equation is known as Paschen's law. The average number of the ionization collisions made by electrons in the field direction per unit length is called the first Townsend ionization coefficient [5] . The first Townsend equation has the form:
Where A and B are constants and determined experimentally for each gas.
The positive ions accelerate towards the cathode to extract secondary electrons. This process is called secondary Townsend emission coefficient ( γ ) [13, 14] which is the average number of the secondary electrons produced by the impact of positive ions. The secondary Townsend's coefficient equation is written as:
Where the Secondary Townsend emission is responsible for gas transition from non-selfsustaining discharge into self-sustaining discharge [15, 16, 17] . It strongly depends on the reduced electric field intensity E/P, the collision mean free path and the work function of the cathode material [18] .
Experimental Setup
The coaxial Vircator is used in this work to produce radial electron beam through a cylindrical coaxial diode inside a discharge vessel made of Pyrex glass. The diode is composed of two cylindrical electrodes. The outer electrode is a cylindrical stainless steel mesh cathode of 13 cm length and is connected to negative potential, while the inner electrode is 12 cm stainless steel rods acting as anode and has a neutral potential. The distance between the two electrodes is fixed at 4 mm where the mean free path for electron collision is comparable or larger than the electrodes gap. The diode is immersed inside the vacuum glass tube which can be evacuated up to 10 -2 Torr. The discharge vessel is fixed with two flanges. One has a hole to introduce the argon gas and the other is connected to the vacuum pump as shown in Fig.  (1a) and Fig. (1b) . Argon gas is leaked through a needle valve to a constant working gas pressure
Experimental Results
When a DC voltage is applied between two electrodes, free electrons eject from cathode and accelerate towards the anode. If the electrons have sufficient energy, they will cross the anode to form a virtual cathode outside the diode where the collision mean free path is greater than the gap between the two electrodes. For this reason, many collisions will occur between the virtual cathode and the anode resulting in the ionization process to generate pairs of free electrons and ions.
The number of ionizations as a function of the reduced electric field is shown in Fig. (2) . It is clear from Fig. (2) that the number of ion pairs decreases with the reduction of the electric field intensity. At a certain value of reduced energy, the number of ionization is nearly constant; so the external voltage is the essential source for the first ionization process. An opposite process is shown in Fig. (3) which shows the effect of reduced energy on the electron attachment (η). Electron attachment takes place when neutral atoms attract free electrons to form negative ions (electronegative atoms). When the ionization process is followed by electron attachment, it is expected that (η) has a similar behavior to (α) as shown in the Fig. (3) .
For continuity of the electric discharge, another electron source must be used. This source is the induced secondary electron emission (γ) through accelerated ions impacting the cathode. The secondary electron emission depends on the ionization potential as well as the applied voltage and gas pressure. Fig. (4) shows the relation between (γ) and the applied voltage. It is clear that the energy of the voltage is consumed in the ionization process; then the ions accelerate towards the cathode to extract secondary electrons which increase to reach a steady state emission. This process helps in the self-sustain and continuity of the discharge.
The effect of gas pressure on (γ) is shown in Fig.  (5) . The secondary emission tends to decrease with the increase of gas pressure due to the increase of gas density which needs more applied voltage. This leads to the decrease of the ionization potential causing the decrease of the ions energy and finally, very low secondary emission from the cathode.
The electric discharge takes place through two processes, first ionization (starter process) and secondary emission (continuity process). Each of the two processes is a function of the reduced electric field. It is clear from Fig. (6) that, at certain point of the reduced energy at an applied voltage of 219 volt in our case, before this point, the first ionization was the main process then the secondary Townsend emission became the essential process for self-sustaining discharge. Fig. (7) indicating the variation of ( γ ) with the change of (α), in which, we notice an inverse relation between the first and second Townsend processes.
The relation between the breakdown voltage Vb, and the product of gas pressure and the interdistance between the two electrodes (Paschen curve) is shown in Fig. (8) . At low pressure, the gas density is small and the collision mean free path is large; so the breakdown process needs more voltage to take place. Then, by the increase of gas pressure, the breakdown voltage decreases rapidly to reach its minimum value at 219 volts at pd of 0.08 Torr.cm. Then by further increase in the pressure, the breakdown increases slowly and completes the discharge. 
Conclusion
New type of DC glow discharge (Vircator) is used to generate electrons beam outside the diode. The first ionization acts as a breakdown starter, then the secondary emission completes the electric discharge without consumed energy. The transfer of the electric discharge from non-self-discharge to self-discharge has been studied through Townsend region. From this study, it was found that the secondary electron emission is the essential factor to maintain the electric discharge without external force. This is confirmed by the balance between the first Townsend ionization coefficient and the electron attachment. At a certain value of applied voltage, the secondary electron emission reaches to a steady state value. This emission is inversely proportional to the gas density. At a critical point of reduced energy, the secondary electron emission γ becomes the essential source of discharge and increases with decreasing the first Townsend ionization. The reduced electric field leads to the increase of the kinetic energy of the ions and the extracted electrons from the cathode. From the Paschen's curve, the minimum breakdown voltage of argon gas is 219 volts at Pd= 8 x 10 -2 Torr.cm.
